The objective of this study is the synthesis of activated carbon derived from cattle manure compost (CMC) causing environmental problems using zinc chloride (ZnCl 2 ) activation and to examine the suitability and performance of the prepared activated carbon (PAC) in removing 2-methylisoborneol (2-MIB) from aqueous solution. The influence of ZnCl 2 /CMC ratios and outgassing from the PACs on the removal of 2-MIB were studied. Pore texture and surface functional groups were obtained to characterize the PACs. It is suggested that the increase of micropore surface area and volume as a result of the activation favored the removal of 2-MIB, while activated carbon rich in acidic functional groups showed poor 2-MIB adsorption. The preferable removal of 2-MIB depended on the poor acidic functional groups and the higher micropore surface area in the PACs. A sample of the PACs was synthesized at a lower temperature (around 550 W C) compared to commercially available activated carbon (CAAC) (around 900 W C). The sample showed a performance for 2-MIB removal for drinking water purification as well as CAAC. Furthermore, from the results of N 2 adsorption-desorption isotherms and 2-MIB adsorption isotherm in aqueous solution, pore structure of PACs and 2-MIB adsorption mechanism on it were suggested.
INTRODUCTION
Approximately 9100 million tons of domestic animal manure was generated in Japan in 2001 (Fujishiro et al. ) . The average amount of cattle and poultry wastes has also increased by 56 and 176%, respectively, in the world since 1978 (Sweeten et al. ) . In the absence of suitable disposal methods, this livestock manure may pose a threat to public health and the environment because of potential contamination of air, ground and surface water sources via running off from the manure sites and odor releases (Harikishan & Sung ) . The adoption of composting as an alternative management option for animal manure has increased worldwide in the livestock industry, since it can reduce manure volume, increase product uniformity, and reduce or eliminate weed seed and pathogen viability. It can then be used as a fertilizer supplement in agronomy and horticulture. The cattle manure compost (CMC) is low in nutrient as agriculture fertilizer but abundant in cellulose, hemicellulose and lignin, which are usually difficult to digest (Keshtkar et al. ) , leading to a decrease in cost performance for transportation from production sites to agricultural fields. In fact, there is still numerous CMC piled around livestock industries causing environmental problems. Manure disposals other than fertilizer application, such as incineration or land filling, are also costly. A possible utilization of this biomass resource is converting it into activated carbon.
On the other hand, in the developing process of the current industries and in agriculture and household activity, various chemicals have been discharged to the environment and sometimes caused detrimental effects on the surface and the ground water. For the last several decades, the terrible pollution has decreased in Japan as the stringent effluent
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Materials
CMC, the residue of cattle manure after temperature-phased anaerobic digestion for methane generation, was obtained from JFE Corporation (Japan). It was washed to remove mud and other residues, dried at 105 W C for 2 h, and subsequently milled and sieved prior to carbonization. Both ZnCl 2 (98%) and 2-MIB standard sample for water quality analysis were obtained from Kanto Chemical Co., Inc. A CAAC for water purification was employed as a reference material. The CAAC's specific surface area of mesopore and micropore were observed in a previous study as 300 and 850 m 2 /g, respectively (Watanabe et al. ) .
Preparation of activated carbon
ZnCl 2 /CMC ratio was the most decisive parameter in the chemical activation of CMC by ZnCl 2 . In this study, six activated carbons were prepared with different ZnCl 2 /CMC ratios of 0.0, 0.5, 1.0, 1.5, 2.0 and 2.5. Zero to 50 g of ZnCl 2
were dissolved in 200 mL of distilled water, and then 20 g of dried and sieved CMC (0. α s -plot method was applied to calculate total surface area and volume as well as micropore surface area and volume, and mesopore surface area and volume were obtained by deducting the micropore surface area and volume from the total surface area and volume, respectively.
Surface functional groups
The surface functional groups on the carbon surface were determined based on Boehm titration method (Boehm & Knoezinger ) . Five hundred milligrams of the PACs and 15 mL of NaHCO 3 (0.1 mol/L), Na 2 CO 3 (0.05 mol/L) or NaOH (0.1 mol/L) solution were mixed in conical flasks. These were agitated at 100 rpm for 5 days at 25 W C and 5 mL aliquot of the solution for each sample was back titrated with HCl (0.1 mol/L). NaHCO 3 neutralizes only carboxylic groups on the carbon surface, Na 2 CO 3 does carboxylic and lactonic groups and NaOH reacts with carboxylic, lactonic and hydroxyl groups. Accordingly, the difference between the groups neutralized by NaHCO 3 and Na 2 CO 3 becomes lactones, and the difference between those neutralized by Na 2 CO 3 and NaOH is hydroxyls. Neutralization points were detected using methyl red solution as an indicator for weak base titrated with strong acid, and phenolphthalein solution for strong acid and strong base combination (Boehm ; Kato et al. ).
Adsorption capacity of 2-MIB
The adsorption experiments were carried out using batch 
RESULTS AND DISCUSSION
Yield of PACs
The yield of activated carbon was calculated from the weight of resultant activated carbons divided by that of dried CMC. Adsorption curve rose sharply at relative pressure of P s /P 0 less than 0.1, and then approached a plateau with increasing relative pressure; the adsorption and the desorption branches were parallel over a wide range at higher relative pressure. This indicates the highly narrow pore size distribution of microporous materials with slit-like pores. When the ZnCl 2 /CMC ratio increased up to 2.0-2.5, the increment of N 2 adsorption was significant in almost the entire relative pressure range, and the two isotherms became the combined isotherm of types I and II with a hysteresis loop of type H3, which is often associated with narrow slit-like mesopores.
As shown in
Surface area and pore volume Figure 2 (a) indicates the influence of ZnCl 2 /CMC ratio on total surface area (S total ), micropore surface area (S mi ) and mesopore surface area (S me ). The maximum of S total , S mi and S me were 1,519, 1,324 and 764 m 2 /g, respectively.
Both S total and S mi of PAC increased rapidly with increasing ZnCl 2 /CMC ratio up to 1.0. When ZnCl 2 /CMC ratio was above 1.5, S mi decreased sharply from 1,324 to 640 m 2 /g, whereas S total remained almost constant. S me was few in the ZnCl 2 /CMC ratio lower than 0.5. It increased constantly in the ratio ranging between 0.5 and 2.5 and finally went up to a maximum value of 764 m 2 /g with the increase in the ratio. Differentiated from the dependence of S total on ZnCl 2 /CMC ratio, the increment of total pore volume (V total ) was in direct proportion to the ZnCl 2 /CMC ratio in the entire experimental range, as depicted in Figure 2(b) . On the other hand, the dependences of micropore volume (V mi ) and mesopore volume (V me ) on the ZnCl 2 /CMC ratio were different from those of S mi and S me , respectively.
V mi increased sharply up to 0.46 mL/g when increasing the ratio from 0 to 0.5, and then remained in the ratio above 0.5, while V me increased very little in the ratio from 0 to 0.5, and then increased monotonously in the ratio above 0.5. The value reached the maximum value of 1.1 mL/g at the ratio of 2.5. The experimental results suggested that ZnCl 2 not only developed new pores, but also enlarged existing pores with the increase of ZnCl 2 /CMC ratio. In conditions where the ratio was lower than 0.5, ZnCl 2 created a large amount of new micropore, resulting in an obvious increase in S total , S mi , V total and V mi with few increases in S me and V me . When the ratio ranged from 0.5 to 1.0, ZnCl 2 slightly developed new micropores and widened existing micropores simultaneously, accompanied by increases in both surface area and pore volume. However, when the ratio ranged from 1.0 to 2.5, new micropores did not grow any longer while existing micropores were continuously enlarged into mesopores, resulting in a decrease of S mi and a slight change in V mi but an increase in V total , S me and V me . In this study, the highest adsorption capacity is shown at the ZnCl 2 /CMC ratio of 1.0 with the highest micropore surface area in Figures 3 and 5 , not at the ratio of 2.0 or 2.5 at which the highest total surface area or volume was included, respectively. With all these factors, it is estimated from the size of 2-MIB that 2-MIB was mainly adsorbed on micropore. However, it is also estimated that mesopore would have some effect on 2-MIB adsorption from the results of The compounds with aromatic ring such as phenol were supposed to adsorb parallel to the surface of adsorbent (Ahmaruzzaman & Sharma ) . On the other hand, 2-MIB adsorption would not be associated with the effect of π-π electron interaction of aromatic compound with graphite surface. Therefore, CZ00 prepared without any ZnCl 2 impregnation had no adsorption for 2-MIB in Figure 3 because the CZ00 had little porosity based on the result in Figure 1 . Figure 3 also shows that each adsorption capacity was proportional to micropore surface area.
Adsorption improvement attributed to the treatment of outgassing CZ10 has higher surface area than CAAC. However, CZ10
was not sufficient for 2-MIB adsorption compared with CAAC. The amounts of surface functional groups of the carbons are tabulated in Table 2 2-MIB adsorption capacity was improved for the each outgassed PACs compared with non-outgassed PACs. Furthermore, Figure 6 shows 2-MIB adsorption isotherms on the activated carbons prepared at the ZnCl 2 /CMC ratios of 1.0 and 1.5 that were outgassed at 500 and 550 W C for 2 and 4 h, respectively. The highest adsorption capacity is shown on CZ10554, and CZ10554 possessed the adsorption capacity equal to or better than CAAC. Therefore, CZ10554 would be available as the alternative for the purpose of 2-MIB adsorption removal for the drinking water.
Pore distribution effect for 2-MIB adsorption
Micropore growth effect for 2-MIB adsorption Activation would occur with the volatilization of ZnCl 2 and micropore increased at the low ratio of ZnCl 2 /CMC less than 1.0. ZnCl 2 activation would be assumed as forming slit type micropore based on Figure 1 . The slit type micropore would be stemmed by the adsorption of 2-MIB because the sizes of 2-MIB molecule is 0.58 nm and the size of the micropore is around 0.5-2.0 nm. Therefore, the inner part of the slit type micropore would not be useful for 2-MIB adsorption as shown in Figure 7 . For these reasons, ZnCl 2 activated carbon would have adsorption capacity only equal to CAAC in spite of more micropore surface area.
Mesopore growth effect for 2-MIB adsorption
In general adsorption phenomenon, adsorption capacity per unit weight increase as the equilibrium concentration. However, in this study, adsorption capacities per unit weight of CZ15, CZ20 and CZ25 and these outgassed PACs apparently decrease at the higher concentration than around 150 ng/L, as shown in Figures 3, 5 and 6 . The decrease rate of the adsorption capacity per unit weight was significantly enhanced as the change from 1.5 to 2.5 of ZnCl 2 /CMC rate with mesopore growth, as shown in Figure 2 . Therefore, it was assumed that 2-MIB adsorption was affected by the condition of the higher concentration and mesoporas growth in ZnCl 2 chemical activated carbon. 2-MIB molecules would be expected to associate with each other even at very low concentrations in water because 2-MIB is solid at room temperature and the boiling point is 208.688 W C at 760 mmHg.
Also, mesopore grown from slit type micropore would be assumed to be in slit type form from Figure 1 CZ10554, which was prepared at the ZnCl 2 /CMC ratio of 1.0 and additionally outgassed at 550 W C for 4 h, possessed the 2-MIB adsorption capacity equal to or better than CAAC. CZ10554 would be available as the alternative for the purpose of 2-MIB adsorption removal for the drinking water.
The prepared activated carbon had a certain level adsorption capacity only equal to CAAC in spite of much micropore surface area, implying that the inner part would not be useful for 2-MIB adsorption because the slit type micropore would be stemmed by the adsorbed 2-MIB.
With mesoporas CZ15, CZ20 and CZ25 and these outgassed PACs, adsorption capacities per unit weight for 2-MIB were affected by the condition of the higher 2-MIB concentration than around 150 ng/L and mesoporas increase in ZnCl 2 chemical activated carbon. Therefore, it was assumed that the entry of 2-MIB into the inner part of mesopore was blocked as a result of forming 2-MIB molecular association with water cluster in the high concentration.
